Background A diagnosis of cervical radiculopathy is based largely on clinical examination, including provocative testing. The most common maneuver was described in 1944 by Spurling and Scoville. Since then, several modifications of the original maneuver have been proposed to improve its value in the diagnosis of cervical radiculopathy. Questions/Purposes We assessed the ability of six known variations of the Spurling test to reproduce the complaints of patients diagnosed with cervical radiculopathy. Methods We prospectively enrolled 67 patients presenting with cervical radicular-like symptoms and concordant radiographic findings. Each patient underwent six distinct provocative cervical spine maneuvers by two examiners, during which three parameters were recorded: (1) pain intensity (VAS score), (2) paresthesia intensity (0 -no paresthesia, 1 -mild to moderate, and 2 -severe), and (3) characteristic pain distribution (0 -no pain, 1 -neck pain only, 2 -arm pain only, 3 -pain elicited distal to the elbow). The interobserver reliability of the reported VAS score (measured by the intraclass coefficient correlation) ranged from 0.78 to 0.96 and the calculated kappa values of the categorical parameters ranged from 0.58 to 1.0 for paresthesia intensity and from 0.63 to 1.0 for pain distribution. Differences in scores elicited between the two examiners for the 67 patients were resolved by consensus. Results A maneuver consisting of extension, lateral bending, and axial compression resulted in the highest VAS score (mean, 7) and was associated with the most distally elicited pain on average (mean, 2.5). The highest paresthesia levels were reported after applying extension, rotation, and axial compression (mean, 1). These maneuvers, however, were the least tolerable, causing discontinuation of the examination on three occasions. Conclusions Whenever cervical radiculopathy is suspected our observations suggest the staged provocative maneuvers that should be included in the physical evaluation are extension and lateral bending first, followed by the addition of axial compression in cases with an inconclusive effect. Level of Evidence Level II, diagnostic study. See the Guidelines for Authors for a complete description of levels of evidence.
Introduction
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Y. Anekstein (&), R. Blecher, Y. Smorgick, Y. Mirovsky Spine Unit, Department of Orthopedics, Assaf Harofeh Medical Center, Zerifin, Israel e-mail: fredrica99@gmail.com; nuritan@zahav.net.il disorders, and posttraumatic pain. Moreover, treatment selection relies heavily on an optimal correlation between the physical examination and various radiographic findings. Additional diagnostic means supplanting physical examination include electrophysiologic and advanced radiologic studies [1, 2, 12, 25] . Nevertheless, the oftendiminished availability and expense of these resources frequently cause the primary caretaker to rely on much simpler and accessible diagnostic tools in identifying various disorders.
The maneuver described by Spurling and Scoville in 1944, referred to as the Spurling compression test [27] , successfully answers some of the aforementioned issues [4, 9, 17] , alongside other provocative maneuvers. Since then, numerous authors have attempted to characterize the diagnostic value of the Spurling compression test, suggesting relatively high specificity and positive predictive value rates [16, 21, 26, 29] . The original description of this test, later adopted by other authors [9, 11, 17, 31] , suggested that the provocative maneuver should include use of lateral bending and axial compression to the cervical spine in an attempt to reproduce the patient's complaints. However, at least five other modifications of this test have been offered: lateral bending, rotation, and compression (also referred to as the maximum cervical compression test) [17, 33] ; extension and compression as suggested by Bradley et al. [6] ; extension and lateral bending [33] ; extension, lateral bending, and compression [29] ; and extension, rotation, and compression [6, 31] .
Although not included in the original provocative maneuver described by Spurling and Scoville, our clinical experience suggests that adding cervical spine extension may increase the test's ability to reproduce the complaints of a patient presenting with cervical radiculopathy.
The purposes of the current study were: (1) to evaluate the ability of each of the Spurling test variants to reproduce the radiculopathic complaints in terms of three key variables that can be quantified and reproduced: the level of pain elicited measured by the VAS score, the intensity of paresthesia elicited, and the pattern of pain distribution;
(2) to search for a possible association between variables such as patient age and the disorder level and type, and the reported score of the three parameters; (3) to establish a causal relationship between the presenting disorder and the evoked symptoms; and (4) to evaluate the overall tolerability of the Spurling tests variants.
Patients and Methods
We prospectively enrolled 67 patients referred to one institution from May 2005 to May 2006. We included patients presenting with radicular symptoms (ie, pain radiating along a specific dermatome) in the upper extremity, the presence of a cervical disc herniation confirmed by either CT or MRI, and a clinical correlation with the radiographic findings. All patients presented with unilateral complaints. We excluded patients with clinical evidence of substantial myelopathy, prior cervical spine surgery, and any history of major cervical trauma. The patients ranged in age from 23 to 75 years (mean, 46 years); 31 women and 36 men were enrolled in this study. The median duration of symptoms before enrollment was 9 weeks (range, 1-100 weeks). We recorded the age, gender, dermatomal pain distribution, overall duration of pain, and the level of the disorder. On initial neurologic examination, 27 patients had a sensory deficit, 12 had motor weakness, three had both, and the remaining patients were neurologically intact. Clinical evidence of mild to moderate upper motor neuron involvement was evident in 11 patients. The radiographic findings included an isolated lesion, being either a soft (n = 42) or hard disc herniation (n = 9) or a mixed lesion (n = 13) ( Table 1) . Foraminal stenosis was the main finding in three patients. The most common levels of the disorder were C5-C6 and C6-C7 (n = 30), followed by C4-C5 (n = 5) and C3-C4 (n = 2). In patients with more than one level affected on observed radiographs (n = 6), the level that matched either the patient's complaints of paresthesia or any neurologic deficit on examination (sensory or motor) was considered for the purpose of statistical analysis. Informed consent for participation in this study, which was approved by our institutional review board, was given by all subjects.
On enrollment, all patients underwent an evaluation of the following items on the physical examination: motor strength of key muscle groups was assessed by manual testing and graded according to the Medical Research Council scale, a measurement with reasonable interobserver and intraobserver reliability [18] ; sensory evaluation according to a dermatomal distribution; and the presence of upper motor neuron signs. In addition, the pain level at rest was evaluated using the 100-mm VAS, a tool that is reliable for measuring chronic and acute pain [3, 5] . After the initial examination, each subject, while seated, underwent six distinct provocative maneuvers of the cervical spine in 1A) ; lateral bending, ipsilateral rotation and axial compression, also called the maximum cervical compression test ( After each maneuver, performed by two of us (YA and YM), three parameters were recorded, as reported by the patient: intensity of pain elicited (evaluated using the standard 1 to 10 VAS score), intensity of paresthesia elicited (evaluated using a 0 to 2 scale: 0 = no paresthesia, 1 = mild to moderate, 2 = severe), and characteristic pain distribution. For the purpose of statistical analysis, the pain distribution was classified as: 0 = no pain, 1 = neck pain only, 2 = pain provoked only proximal to the elbow, and 3 = pain provoked distal to the elbow. To decrease the potentially sensitizing effect of each maneuver, the pain and paresthesia were allowed to resolve completely before advancing to the next maneuver. To assess the interobserver reliability we constructed an additional sample group, consisting of 10 patients with similar inclusion criteria as the study group. The interobserver reliability was assessed by calculating the intraclass correlation coefficient (ICC) of the sequential parameter (the reported VAS score) and calculating kappa values for the categorical parameters. ICC values ranged from 0.78 to 0.96 and the kappa values ranged from 0.58 to 1.0 for paresthesia intensity and from 0.63 to 1.0 for pain distribution.
To decrease the likelihood of a nonrandomization bias and to associate the patients' complaints with the radiographic findings, two control groups were added in which the same previously described maneuvers were used. In the first group, 15 patients with complaints of radicular pain and a herniated cervical disc observed on radiographs (ie, similar inclusion criteria as the study group) underwent the six maneuvers only in a reverse manner (6 through 1). In the second group, 15 patients with complaints of axial neck pain and radiographs compatible with spondylotic changes, excluding any evidence of a compressive finding, underwent the six maneuvers in the same order. Exclusion criteria did not differ in the control groups. The pain and paresthesia were allowed to resolve fully in a similar manner between maneuvers.
To assess differences between each pair of maneuvers in the parametric tests (VAS score and the level of paresthesia), we used Student's t-test (two-tailed) with the post hoc Bonferroni correction, and the McNemar-Bowker test to analyze the characteristic pain location. VAS scores also were compared with the mean score at rest. Analyses of the parametric tests in the study group in comparison to the control groups were performed using ANOVA with repeated measures and in the nonparametric test (characteristic pain location) using the chi-square test. In addition, we used ANOVA with repeated measures to assess for possible associations between variables such as patient age, disease level and type, and all reported scores. The statistical analysis was performed using SPSS 1 software version 15.0.1 (SPSS 1 , Chicago, IL, USA).
Results
Each of the applied maneuvers provoked pain and paresthesias that were concordant with the patient's usual complaints. The maneuver resulted in the highest VAS mean score and the most distally elicited pain was extension, lateral bending, and axial compression (Fig. 2) . In general, maneuvers incorporating extension (3 through 6) provoked an increased level of paresthesia (p \ 0.001) (Fig. 3) , and a more distally oriented pain (p = 0.01) ( Fig. 4 ) compared with other maneuvers.
Analysis of the difference between each possible pair of maneuvers (Table 2) showed the similarity in the mean of all parameters reported after Maneuvers 1 and 2 (containing no extension) and Maneuvers 3 through 6 incorporating extension. Similarly, the mean reported VAS score after applying maneuvers incorporating extension was greater than the VAS at rest after maneuvers 3, 5, and 6 ( Table 3) .
We found no association between the three parameters and patient age or disease level and type. The overall tolerability of the first four maneuvers was satisfactory. On the contrary, maneuvers 5 and 6 resulted in reported VAS scores of 9 and 10 in nine subjects. Complete discontinuation of the examination occurred on three occasions, after the patients reported intolerable pain levels during application of Maneuvers 5 and 6.
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Mean VAS score 6 Maneuver Number Fig. 2 The graph shows the mean elicited VAS scores. The highest average VAS score was reported after extension and lateral bending (Maneuver 4). Maneuver Number Fig. 3 The graph shows the mean elicited paresthesia levels. The level increased (p \ 0.001) with the addition of extension to the maneuvers, with the highest level evoked after extension, rotation, and axial compression (Maneuver 6). Maneuver Number Fig. 4 The graph shows the mean elicited pain distribution. Maneuvers that included extension were more likely (p = 0.01) to provoke a radicular-type pain (pain provoked distal to the elbow). The reported VAS score was higher in the study group compared with the control group with spondylosis throughout maneuvers and similar to that of the control group with radiculopathy (the reversed order) after Maneuvers 5 and 6 (Fig. 5) . The reported paresthesia level followed a similar pattern in the study and group with radiculopathy and was lower in the control group with spondylosis after Maneuvers 5 and 6 ( Fig. 6 ). Finally, patients in the study group reported a more distally elicited pain throughout maneuvers compared with the group with spondylosis, whereas the group with radiculopathy reported similar pain distribution after Maneuvers 5 and 6 ( Fig. 7) .
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Discussion
Cervical disc herniation causing neural compression was first described by Key in 1838 [15] . Thereafter, the clinical syndrome of cervical cord myelopathy related to a ruptured disc greatly evolved owing to the work of early 20th century researchers [19, 28] . With identification of cervical radiculopathy as a primary disorder of the cervical nerve root [23, 27] , an ongoing effort was made to develop diagnostic criteria differentiating it from other common disorders affecting the upper limbs [22] . Despite extensive Fig. 5 The diagram shows the mean VAS score in the study group compared with both control groups. The study group reported higher VAS scores (p = 0.004) compared with the group with spondylosis (dotted line) and similar VAS scores (p = 0.09) compared with the group with radiculopathy (dashed line). Fig. 6 The diagram shows the mean paresthesia level in the study group compared with both control groups. No difference was noted between the study group and either the group with spondylosis (p = 0.85) or the group with radiculopathy (p = 0.13).
use of imaging modalities and electrophysiology studies, considered to be better-validated compared with physical examination [14, 20] , no universally accepted criteria appear to exist for the diagnosis of cervical radiculopathy [32] . Consequently, the patient's complaints and physical examination retain their pivotal roles in diagnosing cervical radiculopathy. The numerous modifications of the Spurling test described thus far simultaneously reiterate its important role in the diagnostic process of cervical radiculopathy and show the disagreement regarding the most appropriate way in which it should be performed. We therefore:
(1) evaluated the ability of each of the Spurling test variants to reproduce the radiculopathic complaints in terms of three key variables that can be quantified and reproduced: the level of pain elicited measured by the VAS score, the intensity of paresthesia elicited, and the pattern of pain distribution; (2) searched for a possible association between variables such as patient age and the disorder level and type, and the reported score of the three parameters;
(3) explored a causal relationship between the presenting disorder and the evoked symptoms; and (4) evaluated the overall tolerability of the Spurling tests variants.
There were limitations to our study. First, the fact that the maneuvers were performed in an identical order instead of being randomized as a preferred methodology might have resulted in an additive effect in the hypersensitized patient. In a pilot study including 10 patients, adding extension to the originally described Spurling maneuver seemed to increase the degree of pain and paresthesia reported, resulting in longer recovery periods. Starting the examination with the least painful maneuvers therefore could enable a shorter and more tolerable examination. The lack of a difference in reported pain and paresthesia level after the maneuvers were performed in reverse order in the control group with radiculopathy also may compensate for the lack of randomization. Second, the study group does not provide a clear causal relationship between the presumed underlying disorder (ie, cervical nerve root compression) and the elicited symptoms. A difference in the scores of the reported pain level and location among patients in the control group with spondylosis may assist in establishing such an association. Third, defining the efficacy of any physical examination usually requires comparing the observed results with those of an accepted gold standard. In the case of cervical radiculopathy, candidates for such a gold standard include evidence of root compression intraoperatively, radiographically (MRI, CT), or in electrophysiologic studies. We believe documented root compression on advanced imaging meets this requirement. Finally, the limited setting in which the current study was conducted may further impair its validity. The design of future multicenter larger-scale studies may overcome this disadvantage.
Like the Spurling test, many other provocative, and relief tests, are available when neural compression is suspected. However, in contrast to the modifications offered to the Spurling test, which have attempted to increase the patients' characteristic symptoms, modifications to other provocative tests have been offered to serve other purposes [17] . In the cervical spine, variations of joint position during application of the upper limb tension test, for example, have been offered in an attempt to increase stress on various neural tissue [8] . Similarly, modifications of the slump test or Laségue's test in the evaluation of sciatic pain serve to assess various neural elements, but also to differentiate true sciatic pain from symptoms related to secondary gain [7, 17] . Although various modifications to existing provocative maneuvers have been described, it appears that reports attempting to quantify the clinical effect of these modifications, to evaluate the association of the clinical effect with demographic and radiographic parameters, and to assess the tolerability of these modifications are lacking.
Several reports have established a clear causal relationship between a positive Spurling test and the presence of cervical root compression, evident either on radiographs [24] or in electrodiagnostic studies [29] . The decreased VAS score and dissimilar pain distribution reported in the control group with spondylosis compared with the study group corroborate with previous findings. The added advantage of extension in enhancing the reported complaints is supported by biomechanical studies that have shown an increase in neuroforaminal [10] and intradiscal [13] pressures in response to extension of the cervical spine. Fig. 7 The diagram shows the mean pain distribution in the study group compared with both control groups. The group with spondylosis reported pain which was more often (p \ 0.001) proximally located in response to the maneuvers compared with the study group. In patients with radiculopathy, performing the maneuvers in the reverse order provoked similar pain distribution in Maneuvers 5 and 6 (p = 0.33 and p = 0.46, respectively), but more often (p \ 0.001) elicited proximally located pain thereafter (for Maneuvers 4 through 1).
One study assessing the interexaminer reliability of the Spurling test found an association between the patient's position and reliability [30] , with kappa values ranging from 0.47 to 0.80 in the sitting position and from 0.28 to 0.63 in the supine position. The reliability found in our study is similar to those found in the sitting position in that study.
Previously described maneuvers, including the one originally described by Spurling and Scoville and the maximum cervical compression test, were inferior to other maneuvers incorporating extension in provoking radiculopathic complaints. As an alternative, we suggest that a maneuver consisting of extension and lateral bending, which reproduced the patient's complaints in a tolerable fashion, be done first followed by addition of axial compression in the case of an inconclusive effect.
